Recent measurements and searches in the electroweak sector of the Standard Model by the ATLAS experiment at the LHC are reported. The results are based on 20.3 fb −1 of proton-proton collisions at √ s = 8 TeV for WW, WZ, ZZ, Zγ and Zγγ production as well as on 3.2 fb −1 of proton-proton collisions at √ s = 13 TeV for WZ and ZZ production.
Introduction
A precise measurement of the electroweak processes is very important to test the Standard Model. Especially measurements at new energy regimes could provide hints for new physics. Studying electroweak processes is also important to improve existing measurements of the Standard Model's electroweak parameters and to understand higher order effects not only in the electroweak sector but also in the quantum chromodynamics sector. Electroweak processes also represent significant backgrounds for various analyses which requires these processes to be understood as best as possible. Recent electroweak results on diboson and triboson production in proton-proton collisions at √ s = 8 TeV based on 20.3 fb −1 of data recorded by the ATLAS detector [1] cess can also produce a Higgs boson which can decay into two W bosons. This contribution and interference with the non resonant process are taken into account in the simulations used for this study. The W bosons are reconstructed using the leptonic decay channels W + W − → l + ν l l −ν l with l, l ∈ {e, µ}. This leads to three different fiducial phase spaces for the three final states which are denoted with ee, µµ and eµ. In all three fiducial phase spaces the p T of the leading lepton has to be greater than 25 GeV whereas the p T of the subleading lepton has to be greater than 20 GeV. The absolute pseudorapidity, η, of electrons must be smaller than 2.47 while muons must have |η| < 2.4. The reconstructed mass m eµ has to be greater than 10 GeV. The reconstructed mass m ee/µµ has to be greater than 15 GeV and fullfil the relation |m PDG Z −m ee/µµ | > 15 GeV. The results for the measured fiducial cross section in each final state [3] can be seen in Table 1 . Comparisons to different theoretical predictions of the fiducial cross sections are shown in Figure 1 . Generally the predicted cross sections are smaller than the measured cross sections but compatible within the uncertainties.
The total cross section is obtained by extrapolating the fiducial cross section for all acceptance effects and correcting for the W branching fractions to leptons [3] . The combined total cross section is found to be 71.1 ± 1.1(stat) +5.7 −5.0 (syst) ± 1.4(lumi) pb and compatible with the NNLO prediction of 63.2 +1.6 −1.4 (scale) ± 1.2(PDF) pb [4, 5] within about 1.4 standard deviations. Differential cross section measurements have been performed as function of the leading lepton p T . The result of this measurement can be seen in Figure 2 . It is observed that except for high and very low values of p T the predictions generally undershoot the data. The shapes of the unfolded data distributions agree with the predictions at the level of ±15 %. Limits on anomalous triple gauge couplings (aTGCs) have also been set using the p T distribution of the leading lepton. The results can be seen in Figure 5 .
Pairs of a W and a Z boson are produced in quark antiquark annihilation, where a contribution from the WWZ triple gauge coupling is included. The reconstruction is done in the channels
ν l l + l − with l, l ∈ {e, µ}. The four resulting final states will be denoted by eee, eµµ, µee and µµµ. The fiducial phase space is defined by the following four requirements. The p T of the leptons from the Z boson decay has to be greater than 15 GeV whereas the p T of the charged lepton from the W boson decay has to be greater than 20 GeV. Any charged lepton has to be within |η| < 2.5. is higher than the NLO prediction. Similarly, also the measured total cross section is higher than that predicted by a NLO calculation. Instead, the shapes of the experimental and theoretical distributions are in fair agreement. The p ν T distribution shows some disagreements between experiment and theory for p ν T < 50 GeV. This is most likely due to effects of higher order corrections beyond NLO.
Vector boson scattering (VBS) cross sections have [10] also been measured. This requires the definition of a VBS phase space that fulfills additional criteria to the fiducial phase space defined above. In the VBS case at least two jets with p T > 30 GeV and |η| < 4.5 are required. Due to the limited statistics only an upper limit on the VBS cross section σ W ± Z j j−EW→l νll can be set. The results are illustrated in Table 2 . The observed upper limit of the scattering cross section is within 2σ of the expectation.
Limits on aTGCs at √ s = 8 TeV have been set using the distribution of the reconstructed WZ transverse mass. Limits on the same aTGC parameters have also been set by the WW analysis [3] . The limits obtained from both analyses are the most stringent modelindependent limits on WWZ aTGCs to date. These results are shown in Figure 5 . Limits on anomalous quartic gauge couplings (aQGCs) at √ s = 8 TeV have been set using the fiducial cross section measured in an optimized aQGC phase space which is defined by the VBS phase space that additionally requires |∆φ(W, Z)| > 2 and the scalar sum Σ|p l T | of the transverse momenta of the three charged leptons associated with the W and Z bosons to be greater than 250 GeV. Possible deviations with respect to the Standard Model are expressed using two parameters α 4 and α 5 following existing notations [13] [14] [15] [16] . Limits in the (α 4 ,α 5 ) parameter plane together with the expected limits from the WW j j analysis [17] can be seen in Figure 6 . It is observed that the WZ j j limits probe domains that have not yet been excluded by those derived in the WW j j analysis.
Z Z production at
The Z boson pair production arises from quark antiquark annihilation or gluon gluon fusion. The latter process can also produce a Higgs boson which can decay into two Z bosons. This contribution and its interference with the non resonant ZZ process are taken into account in the simulations. The reconstruction is done in the [10] leptonic channels ZZ → e + e − e + e − , ZZ → µ
The fiducial phase space requires the leptons to have a p T of more than 20 GeV and |η| < 2.7. The event has to contain exactly four leptons that form two pairs of the same flavor leptons with opposite charge. Each lepton pair must have an invariant mass in the range 66−116 GeV. In case of four electrons or four muons there are two possible combinations of pairs with the masses m ll,a and m ll,b . In this case the pairing that minimizes the sum |m ll,a − m
The results of the fiducial cross section measurement [18] can be seen in Table 3 . In all channels there is a good agreement with the NNLO prediction. The fiducial cross section is also extrapolated to the total phase space. The total cross section measurement can be seen in Figure 7 . Theoretical predictions compared to measured total ZZ cross sections. [18] 5. Zγ and Zγγ production at √ s = 8 TeV
Zγ and Zγγ processes are produced in quark antiquark annihilation. The photons arise from final and/or initial state radiation. The reconstruction is done in the leptonic channels e + e − γ(γ) and µ + µ − γ(γ). The cross section measurement is performed in an inclusive fiducial region with N jets ≥ 0 and in an exclusive fiducial region with N jets = 0. The fiducial acceptance region for electrons is |η| < 2.47. Muons must be within |η| < 2.5. The p T of the reconstructed electrons and muons has to be greater than 25 GeV. Photons must be within |η| < 2.37 and must have an E T of more than 15 GeV. The invariant mass of the lepton pair has to be greater than 40 GeV. The measured differential cross section as a function of E γ T is shown in Figure 8 for the inclusive and exclusive fiducial region [19] . The comparison to the theoretical predictions shows that in the exclusive measurement, the NLO calculations fairly agree with the data. Instead, for the inclusive measurement the NLO MCFM [20] [21] [22] calculation fails describing the data. This proves the need of the NNLO prediction for the inclusive measurement. Limits on anomalous triple gauge couplings as well as anomalous quartic gauge couplings have been set [19] . The aTGC limits for h Z/γ 4 have been extracted using the E γ T distribution for N jets = 0 with E γ T > 250 GeV. The aQGC limits for f T0 , f T5 and f T9 are derived from the measured fiducial cross section for N jets = 0 with m γγ > 200 GeV. The resulting aTGC and aQGC limits can be seen in Figure 9 . More stringent limits for h Z/γ 4 and f T0 compared to the previoulsy derived limits as well as very first limits for f T5 and f T9 have been derived. 
Conclusion
The most recent electroweak results from ATLAS at √ s = 8 TeV and √ s = 13 TeV are presented. No indication of new physics has been observed. Generally the SM prediction is in good agreement with the measurement. It is observed that NNLO calculations are essential for many analyses. Especially in the WZ analysis recent NNLO calculations lead to a very good agreement between the theoretical prediction and the measurement. Similarly are important the higher order corrections to describe the Zγ inclusive measurement. Limits on anomalous triple and quartic gauge couplings have been derived and found to be more stringent than previously derived limits. In the Zγγ analysis first limits on quartic gauge couplings for the parameters f T5 and f T9 have been derived.
